Here is presented the concepts of Fertilization Ecological Hazard Index (FEHI) and Fertilization Ecological Safety Threshold (FEST). These concepts have been used to develop models that assess the hazards posed by fertilization with inorganic fertilizers on ecological environments in China. Based on these models, there were 11 regions, most of which are located in Western China, slightly at risk from over-fertilization, while 14 regions located in central or eastern China were at a moderate hazard from overuse of fertilizers. Six regions in western China were found at ecological safety of environment because of small amounts of fertilizers used in these regions. Ecological safety of environment decreased along the gradient from northwest to southeast by fertilization. There were several factors that influence FEHI. It is obligatory for local governments to offer training to guide reasonable uses of fertilization. It would be prudent for China to establish laws to protect soils, especially to regulate the use of fertilizers in agriculture.
Introduction
Globally, approximately 30% ~ 50% of surface waters were once affected by non-point source pollution, especially from use of inorganic fertilizers in agriculture [1] . Non-point source pollution is more serious in China. In order to improve the food production since the 1990s, fertilizers use has been growing greater and greater. In China, the rapid increase of GDP has provided the fiscal means for farmers to buy inorganic fertilizers to improve yields of crops. In 2011, the total amount of fertilizers used by agriculture was 57.04 million tons [2] , which is approximately a third of the world's total consumption of chemical fertilizers. The mass of fertilizer used per unit area in China is more than 3 times greater than the average of the world [3] . The rate of utilization of applied fertilizer by plants in China is 30% ~ 35% for N, 15% ~ 20% for P, 35% ~ 50% for K. Unused nutrients are fixed in soil, leached into waters, or are volatilized into the atmosphere. These releases result in acidification of soils and eutrophication of surface waters and contribution of heavy metals, such as copper (Cu), mercury (Hg), and cadmium (Cd). While several studies of non-point pollution of surface waters focused on trace metals [4, 5] [6] . Some of the data were compiled from the 2012 China Statistical yearbook.
Methods of assessment. Assessment of safety of environment refers to the evaluation on the damage and threats to human health, economy, ecological system initiated from social economy activities of human beings and natural disasters, and the decision of management. Here concept of the FEHI for assessing effects of fertilizers on ecological environment is presented (Equations 1-2) .
Where: FEHI t refers to the total Fertilization Ecological Hazard Index, which is the sum of component hazard factors multiplied by weighting factors. FEHI i refers to single factor for an individual constituent of fertilizers, such as N, P or K, W i is the weight of each factor with values between 0 and 1. FI i refers to the Fertilization Intensity (FI, kg/ha) of i factor, that is the mass of fertilizer i applied on the per unit of cultivated land area. FEST i is the Fertilization Ecological Safety Threshold (FEST) of a single factor, which is the maximum mass of a fertilizer applied to soil to maximize productivity without adverse effects on the environment. The mass of N, P, or K is the net volume in the forms of N, P 2 O 5 , K 2 O, respectively. Values of FEHI t (or FEHI i ) range from 0 to 1. When FEHI t is equal to 0.5, FI i is equal to FEST i , where fertilization of cropland is at the critical point of environment ecological safety, which means that the amount of fertilizer applied is at the upper limit for optimal productivity of crops without causing adverse affects on the environment. When FEHI t is near 1.0, Fertilization Intensity (FI i ) of fertilizer greatly exceeds the fertilization ecological safety threshold (FEST i ). That is, pollution due to excess application of inoganic fertilizers would be extremely serious. When FEHI t approaches 0, use of inorganic fertilizer is nearly 0 and FI i is much less than the FEST i , which is referred to organic agriculture. The degree of safety or hazard can be assessed by magnitude of deviation of the FEHI t from 0.5. By use of intervals of 0.15, environment ecological safety can be classified into six categories ranging from very safe to extremely dangerous (Table 1) . Table 2 ). The geographical distribution of hazards posed by fertilization in regions of China were ranked by FEHI t from least to greatest (Table 2 ). Based on this ranking, six regions in the west of China were classified as safety from fertilization, 11 regions, most of which were in the west of China were classified as light hazard, while 14 regions, located in the central or east of China were classified as medium hazard. This distribution is in accordance with the level of economic development in the region, with more fertilizers used in more developed regions. Factors influencing distribution of FEHI. In order to ascertain reasons for the distribution of FEHI, several factors (x i ) were selected to be evaluated by use of correlation analyses with Fertilization Intensity (y) ( Table 3 ). These factors include multiple cropping index (x 1 ), proportion of land irrigated (x 2 ), proportion of arable land (x 3 ), income per farmer (x 4 ), yield of grain per hectare (x 5 ), arable land per rural person (x 6 ), rate of disasters (like flooding or draught) area (percentage of natural disaster area affected to areas covered) (x 7 ), proportion of population that is rural (x 8 ).
The factors, multiple cropping index, proportion of land irrigated, proportion of arable land, income per farmer, yield of grain per hectare were significantly and positively correlated with FI, but amount of arable land per rural person was negatively associated with FI. The relationship was consistent with current natural and economic conditions of China. In central and eastern China, densities of human habitation and rates of irrigation are greater than in the west, large areas are suitable for agriculture, especially for multiple cropping, so farmers put more fertilizers onto arable land in these regions. Because of overuse of fertilizers, the problems of non-point pollution were more serious in these areas. Effects of overuse of chemical fertilizers on the environment. Overuse of fertilizers is not only detrimental to aquatic environments but also can damage crops and result in lesser production of grains. Excess fertilization can cause deterioration of soil, pollution of air and water and low quality agricultural products, eventually, and in some cases result in adverse effects on health of people, such as methemoglobanemia caused by nitrite (NO 2 -). Approximately 13% ~ 28% of N applied to crops as ammonia nitrogen (NH 3 -NH 4 + ) escapes to the atmosphere. Nitrogen fertilizer in soil can release N 2 O by nitrification and denitrification [7, 8] . On a molar basis, the potential of N 2 O to cause global warming is 200 times greater than that of CO 2 . Excess nitrogen in surface and ground water mainly originates from farmland, on which excess inorganic N-containing fertilizers are applied. Specifically 51% of anthropogenic N in the surface water is from farmland. One reason for the outbreak of cyanobacteria (blue-green algae) observed in Tai Lake, Jiangsu Province, during 2007 was non-point pollution from agriculture [9, 10] 
Conclusion
For the first time, models of evaluating the ecological safety of fertilization were proposed and applied to assess China agricultural environment. Fertilizers are found to be over-used in most regions. There were 11 regions, most of them are located in the west, being slightly at risk due to over use of fertilizers; 14 regions, located in the central or east, were moderately at risk due to overuse of fertilizers, and 6 regions, located in the west of China, were found not being affected by use of inorganic fertilizers. Ecological risk caused by fertilization increased along a gradient from northwest to Southeast. This trend was consistent with trends of distributions of natural and economic factors. Because there were more than half of lakes in China eutrophied, excessive fertilization was a significant environmental problem in China. There were several factors which influenced the distribution of fertilization intensity. Regions with greater GDP and more developed agriculture were determined to be more at hazard due to over-use of inorganic fertilizers. So it is obligatory for local government to offer many kinds of training programs to farmers. As farmers learn when, how and what fertilization to use, they will make themselves involved in the environment protection.
